Background: Neutrophil elastase plays a crucial role in the development of acute lung injury (ALI) in patients with systemic inflammatory response syndrome (SIRS). The clinical efficacy of the neutrophil elastase inhibitor, sivelestat, for patients with ALI associated with SIRS has not been convincingly demonstrated. The aim of this study was to determine if there are clinical features of patients with this condition that affect the efficacy of sivelestat. Methods: This was a retrospective study of 110 ALI patients with SIRS. Clinical information, including the etiology of ALI, the number of organs failing, scoring systems for assessing the severity of illness, and laboratory data, was collected at the time of diagnosis. Information on the number of ventilator-free days (VFDs) and changes in PaO 2 /F I O 2 (∆P/F) before and 7 days after the time of ALI diagnosis was also collected. The effect of sivelestat on ALI patients was also examined based on whether they had sepsis and whether their initial serum procalcitonin level was $0.5 ng/mL. Results: There were 70 patients who were treated with sivelestat and 40 control patients. VFDs and ∆P/F were significantly higher in the treated patients than in the control patients. However, there was no significant difference in the patient survival rate between the two groups. Sivelestat was more effective in ALI patients with a PaO 2 /F I O 2 ratio $ 140 mmHg or sepsis. Sivelestat significantly prolonged survival and led to higher VFDs and increased ∆P/F in septic patients and patients with initial serum procalcitonin levels $ 0.5 ng/mL.
Introduction
Acute lung injury (ALI), with acute onset, bilateral pulmonary infiltrates, and hypoxemia, is a complex disorder characterized by pulmonary inflammation and increased pulmonary vascular permeability. 1 ALI is caused by an excessive inflammatory response to various assaults on the body, such as pneumonia, sepsis, trauma, and surgery. The pathogenesis of ALI involves inflammatory reactions associated with the accumulation of neutrophils in the lungs. [2] [3] [4] [5] [6] In particular, elastase, which is released from activated neutrophils, has attracted attention as a factor that causes lung injury in patients with systemic inflammatory response syndrome (SIRS).
Neutrophil elastase, located downstream in the humoral mediator network, contributes to the development of vascular endothelial injury in concert with other mediators, which leads to increased permeability, vasodilation, and activation of the coagulation cascade. 10 Sivelestat (Ono Pharmaceutical, Osaka, Japan) is a selective neutrophil elastase inhibitor 11 that has been reported to be effective for endotoxin-induced lung injury in hamsters, guinea pigs, and sheep. 11, 12 However, the clinical efficacy of sivelestat in patients with SIRS and ALI remains controversial. Two clinical studies have shown that sivelestat reduced the duration of mechanical ventilation, shortened stays in the intensive care unit (ICU), and prolonged survival in patients with ALI, 1, 13 whereas the Sivelestat Trial in ALI Patients Requiring Mechanical Ventilation (STRIVE) study failed to demonstrate its efficacy. 14 These discrepant results may be due to differences in patient characteristics such as age, baseline respiratory condition, and the number of non-pulmonary failed organs. 1, 14 In addition, there have been a few reports indicating that sivelestat is effective in patients with ALI or acute respiratory distress syndrome (ARDS) and sepsis. 15, 16 However, the clinical characteristics associated with the efficacy of sivelestat in patients with ALI associated with SIRS have not been convincingly elucidated.
The four aims of this study were to: (1) evaluate the clinical efficacy of sivelestat in ALI patients with SIRS, (2) determine if there are clinical features of patients with this condition that affect the efficacy of sivelestat, (3) assess the efficacy of sivelestat in ALI patients based on whether they have sepsis, and (4) assess the efficacy of sivelestat based on the initial serum procalcitonin (PCT) level.
Materials and methods

Study population
This was a retrospective study of ALI patients with SIRS who were admitted to Ehime University Hospital, Sumitomo Besshi Hospital, Ehime Prefectural Central Hospital, or Matsuyama Red Cross Hospital during the period 2009-2011.
Patients were excluded if they were aged , 20 years, if they had a neuromuscular disease that impaired spontaneous ventilation, severe chronic pulmonary disease, severe central nervous system disease, uncontrolled malignancy, or severe chronic liver disease. The ethical committee of each hospital approved the study protocol, and informed consent was waived because of the retrospective design.
Diagnosis of SIRS, ALI, disseminated intravascular coagulation (DIC), and sepsis
The diagnosis of SIRS was confirmed by the presence of at least two of the following (originally proposed by the American College of Chest Physicians/Society of Critical Care Medicine Consensus Conference 17 ): body temperature ,36°C or .38°C; heart rate . 90 bpm; respiratory rate . 20 breaths/minute or PaCO 2 , 32 mmHg; white blood cell (WBC) count . 12,000 cells/µL or , 4000 cells/µL, or .10% immature (band) cells. The three criteria for the diagnosis of ALI, which were based on the definition from the American-European Consensus Conference, 18 were: (1) PaO 2 / F I O 2 (P/F) # 300 mmHg, (2) bilateral pulmonary infiltrates on chest X-ray, and (3) pulmonary edema of non-cardiogenic origin (pulmonary capillary wedge pressure # 18 mmHg or, in the absence of pulmonary capillary wedge pressure measurement, no clinical evidence of elevated left arterial pressure). The scoring system of the Japanese Association for Acute Medicine 19 was used for the diagnosis of DIC (Table 1) . The Japanese Association for Acute Medicine DIC score has been shown to identify most of the patients diagnosed by the overt International Society of Thrombosis and Hemostasis criteria. 
Intervention and treatment
All patients received pressure-controlled and pressuresupported mechanical ventilation with a positive endexpiratory pressure. At the time of ALI diagnosis, sivelestat was administered intravenously at a rate of 0.2 mg/kg/h continuously for a maximum of 14 days.
Data collection
Baseline data were collected from patient records. Clinical data, including the etiology of ALI, the number of failed organs, and the values of assessment systems (which included the sequential organ failure assessment [SOFA] score, the gas exchange, organ failure, cause, associated disease [GOCA] score, the SIRS score, and the DIC score), and the types of infections and causative pathogens, were collected at the time ALI was diagnosed. SOFA comprises separate scores for the respiratory, cardiovascular, renal, central nervous systems and coagulation and hepatic failure and each organ system may be awarded 0-4 points. The SOFA score can help assess organ dysfunction or failure over time and is useful to evaluate morbidity. 22 The GOCA score is the sum of four variables: (1) the severity of gas exchange (0-3), (2) the number of failed organs (0-3), (3) the cause of lung injury (0: lung only, 1: direct lung injury, 2: indirect injury), and (4) associated diseases (0: no associated disease that will cause death within 5 years, 1: coexisting diseases that will cause death within 5 years but not within 6 months, 2: coexisting diseases that will cause death within 6 months). It was reported that the GOCA score might prove more convenient to use than the Acute Physiology and Chronic Health Evaluation (APACHE) II and the Simplified Acute Physiology Score (SAPS) II because it requires fewer variables but provides the same predictive power. 23 Laboratory data, including WBC count, C-reactive protein level, and PCT level, were collected at the time ALI was diagnosed. For PCT measurements, we used a solid-phase, semi-quantitative immunoassay BRAHMS PCT-Q (Thermo Fisher Scientific Clinical Diagnostics BRAHMS GmbH, Hennigsdorf, Germany).
Sivelestat efficacy was evaluated based on survival rate, the number of ventilator-free days (VFDs) and change in PaO 2 /F I O 2 ratio (∆P/F) between the P/F values determined before and 7 days after diagnosis of ALI. "VFDs" were defined as the number of days (from day 1 to day 28) that a patient breathed without assistance. 24 
Statistical analysis
Results are expressed as median values, with interquartile ranges in parentheses. The Mann-Whitney U test or the chi-square test was used to compare groups. To assess the clinical efficacy of sivelestat, survival was analyzed using the Cox proportional hazards model with sex, age, P/F at the time of ALI diagnosis, the number of failed organs, septic status, and ALI etiology as covariates.
Receiver operating characteristic (ROC) curve analysis was used to determine the optimal cut-off values for the P/F at the time of diagnosis that discriminated between survivors and non-survivors. A cut-off value for P/F that provided the highest sensitivity and specificity was chosen.
In this study, we used a solid-phase, semi-quantitative immunoassay for PCT measurements. This test kit categorized the PCT levels into four grades: (1) ,0.5 ng/mL; (2) 0.5 to ,2.0 ng/mL; (3) 2.0 to ,10.0 ng/mL; and (4) $10.0 ng/mL. When the cut-off level was set as 0.5, 2.0, or 10.0 ng/mL, the sensitivity of PCT for sepsis was 95.9%, 59.5%, and 35.1%, the specificity was 86.1%, 91.7%, and 97.2%, and the diagnostic accuracy was 92.7%, 70.0%, and 55.5%, respectively. The PCT level at 0.5 ng/mL was the best cut-off value for PCT that could discriminate between septic and non-septic patients. In addition, previous reports demonstrated that the cut-off value for PCT was 0.5 ng/mL in differentiating between bacterial infection and other kinds of inflammatory processes. 25 Therefore, in this study, we set the cut-off value for PCT at 0.5 ng/mL, and PCT levels $ 0.5 ng/mL were considered PCT positive.
When patients were divided into two groups -those with and those without sepsis, and those who were PCT positive and those who were PCT negative -a univariate analysis using the Cox proportional hazards model was used to assess the relationship between mortality and the following variables: sex; age; ALI etiology; the number of failed organs; administration of sivelestat; administration of steroids; SOFA, GOCA, SIRS, and DIC scores; P/F; WBC count; and C-reactive protein serum level at the time of ALI diagnosis. Parameters found to be significant by univariate analysis were taken as potential predictors of mortality and used as covariates in multivariate analysis to identify independent predictors of mortality. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated for the variables. The Kaplan-Meier method was used to estimate survival rates, and comparisons were made using the log-rank test. All tests submit your manuscript | www.dovepress.com
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were two-tailed, and P values , 0.05 were considered statistically significant. Statistical analysis was performed using SPSS for Windows version 19 (IBM, Armonk, NY, USA).
Results
Patient characteristics
A total of 537 ALI patients were enrolled in this study. Of these, we excluded 39 patients who were aged , 20 years, 147 patients with uncontrolled malignancy, 35 patients with severe chronic pulmonary diseases, 48 patients with severe chronic liver disease, three patients with neuromuscular disease that impaired spontaneous ventilation, 31 patients with severe central nervous system disease, 68 patients who did not receive mechanical ventilation, and 56 patients with inadequate data. This left 110 patients (71 men and 39 women) who were included in the study. The characteristics of the patients with SIRS at the time of ALI diagnosis are presented in Table 2 . At baseline, there were no statistically significant differences between the patients treated with sivelestat (n = 70) and the control patients (n = 40).
The types of infections and causative pathogens in ALI patients with sepsis are shown in Table 3 .
Sivelestat efficacy in ALI patients with SIRS
The survival rate of the sivelestat patients showed a tendency to be higher than that of the control patients, although the difference was not significant (P = 0.064) ( Figure 1A ). The VFDs and ∆P/F of the sivelestat patients were significantly higher than those of the control patients (P = 0.031 and 0.018, respectively) ( Figure 1B and C).
Patient clinical factors favorable to sivelestat administration
Sivelestat administration was significantly effective in ALI patients with a P/F ratio $ 140 mmHg and sepsis (P = 0.004 and 0.011, respectively) ( Figure 2 ). Although statistical significance was not obtained, sivelestat administration was also associated with a trend toward prolonged survival of other subgroups, except for patients with P/F ratios , 140 mmHg, more than three failed organs, or without sepsis.
Efficacy of sivelestat in septic and non-septic ALI patients
The characteristics of septic and non-septic patients at the time of ALI diagnosis are shown in Table 4 . There were 74 patients diagnosed with sepsis and 36 non-septic patients. Among the septic patients, the P/F of the control group was significantly higher than that of the sivelestat group. In nonseptic patients, there were no significant differences for any of the variables of the treated and control patients.
The number of VFDs and ∆P/F of the septic patients receiving sivelestat were significantly higher than those of the septic control patients (P = 0.035 and 0.008, respectively) ( Figure 3A and B). There were no significant differences in the number of VFDs and ∆P/F of the non-septic control and sivelestat patients ( Figure 3A and B).
Analysis of predictive parameters of mortality in patients with or without sepsis
Univariate analysis showed that the number of failed organs; sivelestat administration; and the SOFA, GOCA, and DIC scores at diagnosis were significantly correlated with mortality in septic patients (all P , 0.05) ( Table 5 ). Multivariate analysis demonstrated that sivelestat administration and the GOCA score were predictors of mortality in septic patients (all P , 0.05) ( Table 5 ). Kaplan-Meier curves revealed significantly prolonged survival in the sivelestat group compared with the control group in septic patients (P = 0.008) ( Figure 4A ). In non-septic patients, the SOFA and GOCA scores at diagnosis, but not sivelestat administration, were 
Note: Results are median values (interquartile ranges in parentheses).
Abbreviations: ALI, acute lung injury; SOFA score, sequential organ failure assessment score; GOCA score, gas exchange, organ failure, cause, associated disease score; SIRS, systemic inflammatory response syndrome; DIC, disseminated intravascular coagulation; WBC, white blood cell; CRP, C-reactive protein.
significantly correlated with mortality (Table 6 ). In addition, there were no significant differences in survival rate between the control and sivelestat groups ( Figure 4B ).
Efficacy of sivelestat in PCT-positive and PCT-negative patients
Patients were stratified according to whether they were PCT positive or negative, and the efficacy of sivelestat was evaluated for each group. Patient characteristics are shown in Table 7 . In both PCT-positive and -negative patients, there were no significant differences in any clinical variable between the control and the sivelestat groups.
Among PCT-positive patients, the number of VFDs and ∆P/F of the sivelestat group were significantly higher than those of the control group (P = 0.001 and 0.009, respectively) ( Figure 3C and D) . Among PCT-negative patients, there were no significant differences in these values between the control and sivelestat patients ( Figure 3C and D) .
Analysis of predictive parameters of mortality in PCT-positive and PCT-negative patients
Univariate analysis showed that the number of failed organs; sivelestat administration; and the SOFA, GOCA, and DIC submit your manuscript | www.dovepress.com Dovepress Dovepress scores at diagnosis were significantly correlated with mortality in PCT-positive patients (all P , 0.05) ( Table 8 ). Multivariate analysis showed that sivelestat administration was a predictor of mortality only in PCT-positive patients (P = 0.030) ( Table 8 ). Kaplan-Meier curves showed that sivelestat administration significantly prolonged survival in comparison to the control group in PCT-positive patients (P = 0.015) ( Figure 4C ). Although the data are not shown, the SOFA (HR for death, 1.176; 95% CI, 1.057-1.308; P = 0.003), GOCA (HR for death, 1.472; 95% CI, 1.185-1.830; P , 0.001), and DIC scores (HR for death, 1.344; 95% CI, 1.089-1.659; P = 0.006) at diagnosis, but not sivelestat administration (HR for survival, 0.992; 95% CI, 0.400-2.462; P = 0.987), were significantly correlated with survival in PCT-negative patients. In addition, there were no significant differences in the survival rate between the control and the sivelestat groups ( Figure 4D ).
Discussion
Our study showed that treatment with sivelestat improved the respiratory status of ALI patients with SIRS. When survival was evaluated as a function of sivelestat efficacy, drug administration was significantly more effective for patients with better respiratory function at diagnosis or with sepsis than for patients without these features. In addition, sivelestat significantly prolonged survival, led to a greater Notes: PCT levels higher than 0.5 ng/mL were considered PCT positive. Statistical analysis was performed using the log-rank test. Solid line, sivelestat patients; dashed line, control patients. Abbreviations: SOFA score, sequential organ failure assessment score; GOCA score, gas exchange, organ failure, cause, associated disease score; SIRS, systemic inflammatory response syndrome; DIC, disseminated intravascular coagulation; WBC, white blood cell; CRP, C-reactive protein.
number of VFDs, and increased ∆P/F in septic patients and PCT-positive patients. We propose that sivelestat treatment may improve survival for ALI patients with sepsis, and that the initial serum PCT level can be used to indicate whether to use sivelestat. Sivelestat improved the respiratory status of patients with ALI associated with SIRS in our study. Others have also reported that sivelestat improved the lung injury score, reduced the duration of mechanical ventilation, and shortened the time in the ICU of ALI patients with SIRS. 13 In addition, Aikawa et al reported that sivelestat for ALI patients with SIRS contributed to early weaning from mechanical ventilation. 1 We have also shown that the number of VFDs and ∆P/F were significantly higher in the sivelestat group than in the control group. The survival rate tended to be higher in patients treated with sivelestat group than in the control patients, although statistical significance was not achieved.
The results of STRIVE, a prospective, randomized, double-blind, placebo-controlled, multicenter trial, indicated that sivelestat probably did not have beneficial effects on the respiratory function and survival of ALI/ARDS patients, whereas Phase III and IV Japanese studies showed that sivelestat was beneficial. 1, 13, 14 This discrepancy might be submit your manuscript | www.dovepress.com Abbreviations: ALI, acute lung injury; SOFA score, sequential organ failure assessment score; GOCA score, gas exchange, organ failure, cause, associated disease score; SIRS, systemic inflammatory response syndrome; DIC, disseminated intravascular coagulation; WBC, white blood cell; CRP, C-reactive protein. Abbreviations: ALI, acute lung injury; SOFA score, sequential organ failure assessment score; GOCA score, gas exchange, organ failure, cause, associated disease score; SIRS, systemic inflammatory response syndrome; DIC, disseminated intravascular coagulation; WBC, white blood cell; PLT, platelet; CRP, C-reactive protein.
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due to differences in the characteristics of study patients such as age, baseline respiratory status, the number of nonpulmonary failed organs, and sepsis. 1, 14, 26 Zeiher et al reported that the patients enrolled in the Japanese Phase III study had a smaller age distribution and had less severe respiratory problems than those in STRIVE.
14 In addition, patients with organ failure involving four or more organs were excluded from the Japanese Phase III study. 13 It was reported that a post hoc analysis of the STRIVE patient subgroup that met the Phase III inclusion and exclusion criteria and had a mean lung injury score # 2.5, revealed favorable trends in mortality and VFDs for the patients receiving sivelestat.
14 In contrast, Hayakawa et al suggested that differences in the numbers of septic patients may have led to the discordant results among the studies. 26 There were significant differences in the proportion of septic patients in each study: STRIVE (58%) and in the Japanese Phase III (69%) and Phase IV (71%) studies (all P , 0.01). In our study, sivelestat was more effective in patients with P/F $ 140 mmHg or sepsis but less effective in patients with P/F , 140 mmHg, more than three failed organs, or without sepsis. Based on our results and previous reports, the baseline respiratory function, number of failed organs, and septic status may affect the efficacy of sivelestat.
Sivelestat may be beneficial for ALI patients with sepsis. It was reported that sivelestat shortened time spent in the ICU and might be an independent predictor of survival in septic patients with ALI and DIC. 26 Tsuboko et al also reported that sivelestat reduced the duration of artificial ventilation and improved pulmonary function and the multiple organ dysfunction score in patients with ALI/ARDS following surgery for abdominal sepsis. 16 Our study revealed that sivelestat prolonged survival in septic ALI patients and increased the number of VFDs and ∆P/F. Another important finding of our study was that sivelestat did not improve the respiratory function or the outcome of non-septic patients. Therefore, the reasons for the lack of efficacy of sivelestat in non-septic patients need to be elucidated.
Sivelestat may be beneficial for PCT-positive patients with ALI. Based on the results of our study, we believe that sepsis may be closely associated with survival in ALI patients submit your manuscript | www.dovepress.com Dovepress Dovepress with SIRS. Differentiating sepsis from noninfectious SIRS is difficult, because sepsis is a complex, heterogeneous disorder. 27 Previous reports have shown that PCT was a useful diagnostic marker for sepsis, and that PCT levels are closely correlated with the severity of sepsis.
27-30 Therefore, we evaluated whether the initial serum PCT level was a useful indicator for the administration of sivelestat. In PCT-positive patients, the survival rate, number of VFDs, and ∆P/F of the sivelestat group were significantly higher than in the control group (P = 0.015, 0.001, and 0.009, respectively), whereas sivelestat efficacy was not demonstrated for PCTnegative patients. In addition, multivariate analysis showed that sivelestat administration was a predictor of mortality only in PCT-positive patients. These results suggest that the initial serum PCT level may be an indicator for whether to administer sivelestat to ALI patients with SIRS.
The relationship between PCT and sivelestat remains unclear. It was reported that interleukin (IL)-1β and tumor necrosis factor-α, which have been ascribed significant roles in the cytokine mediation of sepsis and septic shock, acted as potent stimulators of calcitonin messenger RNA expression and procalcitonin synthesis. 31 Further, Suda et al reported that treatment with sivelestat suppressed the serum concentrations of IL-1β and tumor necrosis factor-α in septic animals. 32 However, further studies are needed to clarify the relationship between procalcitonin and the neutrophil elastase inhibitor.
Sivelestat may be useful for patients with ALI and sepsis, as it has been reported that sivelestat might attenuate the vicious inflammatory cycle; reduce the sequestration, infiltration and activation of inflammatory cells; and suppress IL-8 and high-mobility group box chromosomal protein 1 (HMGB1) protein expression. 32 Activated alveolar macrophages in sepsis produce various mediators such as IL-8 and HMGB1 that attract neutrophils to the lungs. [33] [34] [35] [36] [37] Neutrophil elastase released from activated neutrophils stimulates protease-activated receptor 2 and induces production of proinflammatory cytokines such as IL-8, which leads to amplified sequestration, activation of neutrophils, and exacerbation of inflammation. 33 Suda et al demonstrated that sivelestat significantly decreased the number of HMGB1-and IL-8-positive cells in the lungs of rats with sepsis. 32 It was also reported that sivelestat administration decreased IL-8 serum levels in septic ALI patients.
15
Limitations
Our study was a retrospective analysis, and the number of patients was small. There were no restrictions on the use of other drugs in addition to sivelestat, and we did not evaluate other therapies except for the use of steroids. We did not evaluate the effect of steroid administration on P/F or other parameters. Although there was no significant difference in the number of patients receiving steroid therapy in the control and sivelestat groups, additional studies examining the effects of steroid and sivelestat coadministration to ALI patients are needed. We did not evaluate any other inflammatory mediators. Finally, the PCT measurements were performed using semi-quantitative instead of quantitative analysis.
Conclusion
Our study demonstrated that sivelestat might improve the ALI and survival of septic patients. The initial serum PCT level may be useful for indicating whether to use sivelestat for ALI patients with SIRS. However, a large prospective study is needed to clarify the usefulness of sivelestat for ALI patients with sepsis.
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